A short-term (72-96 hours) biocompatibility evaluation in vitro of four single phase dental metal alloys was conducted by determining cell proliferation rates correlated to the organization of the extracellular matrix protein fibronectin in human fibroblast cultures. Immunocytochemical methods were performed to detect both cell proliferation rates by 5-bromodeoxyuridine (BrdU) incorporation, and fibronectin arrangement, i.e., diffuse in the extracellular matrix, organized in fibrils or in focal adhesions. We showed that cell proliferation rates were related to fibronectin expression. In particular, a higher percentage of cells in the S-phase were related to a predominance of fibronectin organized both in fibrils and in focal adhesions. The alloy with the highest Au content seemed the most biocompatible among those tested, since it behaved in a very similar manner to the controls. On the contrary, fibroblasts exposed to the alloy with the highest percentage of Ag had the most different behavior as compared to the controls. We can assume that a correlation exists between fibronectin organization and the percentage of BrdU-positive cells and that these parameters are varying with the different metal composition of the alloys. The observation of fibronectin arrangement together with cell proliferation rates could be considered a useful tool to determine the biocompatibility of these biomaterials. (J. Oral Sci. 42, 1-7, 2000) 
Introduction
In the recent years, the influence of dental metal alloys on cell viability and proliferation has been widely studied to show their biocompatibility in vitro (1) (2) (3) (4) . Although in clinical practice it may be useful to test the behavior of dental metal alloys in vivo, many factors could influence these experimental observations, since local inflammatory or other adverse reactions could frequently occur (5) . Studies in vitro can give more significant results, since they allow evaluation of the behavior of a single cell line in regards to cell viability and proliferation, as well as cell adhesion to the substrate (6) (7) (8) . Many investigations on biocompatible materials have recently focused on the interaction between cells and the metal cations released from dental metal alloys under certain conditions (3, (8) (9) (10) . The so named "noble elements" Au and Pd cannot be found in significant amounts in the culture media, whereas Ag, Cu and Ga are always detectable (9, 10) . A correlation between the atomic weight percentage (at%) of Ag and Ag+ released in the medium, dependent on a second-order polynomial relationship, when the at% of Ag is higher than 10% in single phase alloys has been reported (2) .
Cell proliferation rates can be determined by calculating together with the L/15I and L/28 alloys. The fibrillar organization appeared less evident than the previous organization level and was completely absent in cultures with the L/28 alloy. As far as focal adhesions were concerned, they were more present in the sample cultured with the alloy 7 as compared to the other alloys. At 96 h, a scarce amount of diffuse fibronectin was observed in specimens grown with alloys L/15I (Fig. 1) , L/27 (Fig. 2) and 7 (Fig. 4) , as well as in the controls . On the contrary, fibronectin was more represented in the specimen grown with alloy L/28, in which a marked focal adhesion expression was also evident (Fig. 3) . Fibroblast cultures with the alloys L/15I and L/27 expressed the most evident fibronectin fibrillar organization (Figs. 1   and 2) , that was associated with pronounced focal adhesions. Cultures with the L/28 alloy expressed no fibrillar fibronectin also at 96 h, whereas well evident focal adhesions were present (Fig. 3) .
Discussion
The evaluation of cell proliferation rates has been widely proposed as a useful tool for determining the biocompatibility in vitro of both dental implants (19, 20) and dental metal alloys (1, 4, (8) (9) (10) 21) . Several primary and transformed cell lines have been used to develop in vitro systems to study cell interactions with biomaterials . However, primary human cell culture systems, i.e. human gingival fibroblasts, do not always exhibit reproducible results (14) . Therefore, in the present study, we employed a stabilized cell line (Flow 2002 fibroblast), since previous reports on the biocompatibility of biomaterials had also indicated this experimental method in vitro (1, 4, 8, 20) . We performed the BrdU-immunocytochemical technique for detecting proliferating cells in the S -phase, since this method is easier to perform than the radioisotopic technique involving 3H-thymidine incorporation, which requires prolonged experimental times (12) . Using the same immunocytochemical method, as was used in a previous investigation (4) we examined the biocompatibility of six single-phase dental casting alloys by determining cell proliferation rates correlated to fibronectin arrangement in human fibroblast cultures, at more prolonged culture times up to 168 h. We concluded that cells cultured in the presence of alloys containing the highest amount of Au (expressed in at%) behaved in a way similar to control cultures, above all at longer culture times (120 and 168 h), whereas the other five exhibited different behaviors.
In the present study, we limited the observation period by considering only two culture times, i.e. 72 and 96 h, in accord with other reports (2, (8) (9) (10) , since cell behaviors were already different in the presence of the different alloy at these two shorter culture times. In 1990, Craig and Hanks (1) classified twenty-nine dental casting alloys into five biocompatibility grades, that depended upon their metal composition. Grade 1 (high Au and/or Pd content and absence of Cu) represented the most biocompatible alloys, whereas grade 5 represented the most cytotoxic ones. Grades 2, 3, 4 included alloys which had progressively lower biocompatibility.
As far as the dental metal alloys tested in this work were concerned, L/15I, L/27 and y may belong to grade 2, whereas L/28 may belong to grade 3. Considering data related to BrdU incorporation in cultures with alloy L15/I we found the highest percentage of BrdU-positive cells after 96 h. This alloy contains the highest percentage of noble elements (84.09 at % Au+Pt+Pd) and does not contain any amount of Ag, therefore this cell behavior was expected and was in accord with the evidence of our previous investigation (4) . Also cultures with alloy L/27 exhibited a high percentage of BrdU-positive fibroblasts with no significant difference as compared to controls. L/27 alloy also had a high content of noble elements (76.02 at% Au+Pt+Pd), but with a prevalence of Pd (74.50 at%) in comparison to Au and Pd. Although it also contained Ga, that could be certainly released into the culture medium (2), as well as Ag (1.84 at%), we did not observe any significant different behavior as compared to controls at 96 h.
The behavior of the fibroblasts grown with the L/27 alloy was similar to that observed in presence of the alloy y When fibroblasts were grown in presence of the alloy L/28, a highly significant decrease of BrdU-positive cells (p< 0.001) was observed as compared to controls. L/28 contains the highest Ag percentage (32.60 at%) and also has the lowest amount of noble elements, that were represented by only Pd (58.70%). These findings are in accord with previous observations on fibroblast cultures in presence of dental casting alloys (4): in fact, dental casting alloys with higher Ag content and lower amounts of noble metals had lower proliferation activity. It was also in accord with Craig and Hanks (1), who found a high cytotoxic activity in cultures with alloys containing from 20 to 35 at% Ag. Moreover, Wataha et al. have found that Ag+ could be released into the culture medium from alloys containing Ag. Further, they stated that a correlation exists between the at% of Ag and Ag+ released in the media, where this amount is dependent on a second-order polynomial relation, if the at% of Ag is higher than 10% in single phase alloys (2) . We should also consider that three of the alloys presently tested contain Cu, i.e. L15/I, L/27 and y. In vitro studies on copper-based dental alloys, with a Cu weight percentage between 76% and 87% found, altered cell behavior in immunocompetent cells (22) . However, Cu amounts in these three alloys are much lower than in a copper based one, therefore it is probable that these Cu percentages (15.00, 6.32 and 10.30 at%) could not influence cell proliferation.
In considering the influence of the presence of Au in the four tested dental alloys, we observed that fibroblasts cultured in the presence of the alloy L15/I, with a composition of grade 2 in accord to Craig and Hanks (1), the highest Au content among the tested alloys, a high content of noble elements (Au+Pd+Pt 93.60 wt%, 84.09 at%), 15 at% Cu, and no Ag, had the highest percentage of BrdU-positive cells at 96 h. Further, the only significant (p<0.05) increase of this value was between 72 h and 96 h. This behavior was not so marked for the cells grown together with the alloys L/27 and y, perhaps since these also contain Ag in their elemental composition.
On these bases, we assume that Au is effective in maintaining cell viability, when present at over 71 at% (1, 23) ; however, we showed in this work that it could also be true when Au appears in a lower amount, i. 
